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Abstract In traffic accidents with pedestrians, cyclists or
motorcyclists, patterned impact injuries as well as marks
on clothes can be matched to the injury-causing vehicle
structure in order to reconstruct the accident and identify
the vehicle which has hit the person. Therefore, the
differentiation of the primary impact injuries from other
injuries is of great importance. Impact injuries can be
identified on the external injuries of the skin, the injured
subcutaneous and fat tissue, as well as the fractured
bones. Another sign of impact is a bone bruise. The
bone bruise, or occult bone lesion, means a bleeding in
the subcortical bone marrow, which is presumed to be
the result of micro-fractures of the medullar trabeculae.
The aim of this study was to prove that bleeding in the
subcortical bone marrow of the deceased can be detected
using the postmortem noninvasive magnetic resonance
imaging. This is demonstrated in five accident cases, four
involving pedestrians and one a cyclist, where bone
bruises were detected in different bones as a sign of
impact occurring in the same location as the external and
soft tissue impact injuries.
Keywords Forensic radiology . Virtopsy . Bone bruise .
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Introduction
In the forensic investigation of traffic accidents, three-
dimensional methods are gaining in importance. In the
Virtopsy research project at the Institute of Forensic
Medicine of the University of Bern, radiological imaging
techniques are used for the documentation and analysis
of internal findings in addition to forensic medical
examinations (http://www.virtopsy.com) [1, 2]. Highly
precise 3D surface scanning is employed for the documen-
tation of external body findings and of the involved
vehicles [3–5].
For reconstruction purposes of pedestrian, cyclist or
motorcyclist accidents, the internal and external impact
injuries as well as the marks left on clothing are important
indices for the investigation of the collision position [6, 7].
The impact injuries caused by a car’s front shock-absorbing
structure are located mostly in the region of the lower
extremities and depend on the size and posture of the struck
person as well as on the shape of the car. If a wedge-shaped
bending fracture of the long bone occurs, with convex
fracture lines, a so-called Messerer wedge [8], the direction
of the force effect can be determined by the basis of the
shape of the fracture lines [9–11]. This can give clues for
the impact position reconstruction. Another sign of impact
on the bones of a deceased is a bone bruise. The bone
bruise, or occult bone lesion, means bleeding in the
subcortical bone marrow and is presumed to be the result
of micro-fractures of the medullar trabeculae [12]. On
macerated bones, a brownish discolouring of the bone is the
indication of a bone bruise [13, 14]. In clinical practice, the
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bone bruise is detected as signal intensity abnormalities in
the magnetic resonance imaging (MRI).
The present study evaluated the method to detect these
findings in bones of the deceased using postmortem MRI
in a noninvasive manner and to use these findings as signs
of impact.
Materials and method
The noninvasive detection of bleeding in the subcortical
bone marrow was analysed and demonstrated in five cases.
The described cases are traffic accidents involving
pedestrians and a cyclist, with impact injuries on the legs
or arms. The victims were between 7 and 84years old; one
was female and the other four males.
As usual in the Virtopsy examination process, the
internal findings were documented using both imaging
modalities, whole-body multi-slice computed tomography
(MSCT) and MRI. The patterned injuries on the skin as
well as the inflicting vehicles were documented using a 3D
optical surface scanner (TRITOP/ATOS 3D, GOM,
Braunschweig, Germany). The high-resolution surface data
produced are used for the comparison of the injuries with
the injury-inflicting vehicle part and for the forensic
reconstruction of traffic accidents [2, 5].
The MSCT examinations (Emotion 6, Siemens Med-
ical, Erlangen, Germany) were performed with a
a) b)
Fig. 1 Injuries on the right arm of a pedestrian who was hit by a
motorbike (case 1). a Photograph of the external injury on the right
forearm. The radiographic markers (white arrows) provide the fusion
of the external and the internal dataset. b The axial MR image (T2fs)
displaying a bleeding in the bone marrow of the ulna appeared as
hyperintense signal alterations (red arrow). The radius showed a
homogeneous dark signal (yellow arrow). Note the subjacent and
intermuscular contusion on the same level (blue arrow)
a) b)
Fig. 2 Real data-based geomet-
ric reconstruction of the traffic
accident (case 2). a High-reso-
lution, true to scale and colour
3D model of the right upper
arm. The red arrows show the
superficial abrasion. b Due to
the internal and external find-
ings of the body and on the 3D
model of the car, the impact
position was reconstructed. The
accident victim was kneeling on
the ground when he was hit by
the car
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collimation of 6 × 1mm and a slice thickness of
1.25mm. For the areas of forensic importance, the
MRI was performed with a 1.5-T system (GE 1.5 T
Signa Echospeed Horizon, version 5.8; General Electric
Systems, Milwaukee, WI, USA). For this MRI exami-
nation coronal, sagittal and axial images with weighting
T1 and/or T2 fat saturation (T2fs) sequences were
acquired. Imaging findings were evaluated by board-
certified radiologists, and traditional autopsies were
performed by board-certified forensic pathologists in each
case.
Radiographic markers (www.izimed.com) were stuck on
the body for the fusion of the surface and radiological
volume dataset (Fig. 1a).
In all cases, MSCT images were examined in order to
establish whether the bones were fractured in the region of
the soft tissue impact injuries. Fractured bones were not
considered in this study.
The bones in the region of the soft tissue impact injuries
in each case were examined in the T1-weighted and/or T2-
weighted fat saturation MR sequences. If hypo- (T1) and
hyperintense (T2) signal alterations were present in the
bone in the impact region, then this alluded to bleeding or
oedema formation in the bone.
The bones without impact injury were examined in order
to prove that they were homogeneous and that no signal
alterations existed in the MR images.
Results
The bone bruises were detected in the MR images in the
lower and upper extremities. In all cases, the CT images
were examined in order to exclude existing bone fractures.
In three cases, fractures of the long bones had occurred.
The right femur in case 2 and the left tibia and fibula in
case 4 were fractured, in case 5 the right fibula. The bone
bruise was demonstrated in all cases in the locations where
soft tissue impact injuries arose.
Case 1
A 21-year-old male died in the hospital after being hit by a
motorbike whilst crossing the road as a pedestrian.
High intracranial pressure and brain oedema were
considered as the cause of death. The impact injuries were
located on the right side.
a) b)Fig. 3 Internal injuries of thehumerus of a pedestrian who
was hit by a car whilst
kneeling on the ground (case 2).
a The axial MR image (T2fs)
displaying a bone bruise in
the humerus appeared as
hyperintense signal alterations
(red arrow). b The T1-weighted
sequence axial MR image
displaying a bone bruise in
the humerus appeared as
hypointense signal alterations
(red arrow)
a)
b)
Fig. 4 Injuries on the left knee of a woman who was hit by a
reversing car (case 3). a Coloured 3D model of the left knee was
generated using the 3D photogrammetry and optical surface scanning.
b The axial MR image (T2fs) displays a bone bruise in the patella (red
arrow). Additional effusion in the knee joint is visible (blue arrows)
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External injuries Patterned abrasion on the right forearm
with subjacent contusion of the subcutaneous fatty tissue
and musculature (Fig. 1a).
MRI The bleeding in the ulna appeared as hyperintense
signal alterations in the T2fs (Fig. 1b).
Case 2
A 61-year-old male was fatally injured as a pedestrian in an
accident with a car (Fig. 2b). Death occurred at the accident
site due to blood aspiration in combination with severe loss
of blood, pneumothorax and fat embolism. The body
displayed collision injuries on the right leg and upper arm
(Fig. 2a). Furthermore, there was an extensive trauma of the
chest.
External injuries Contusion and suffusion of the fat tissue
and musculature on the exterior upper right arm.
MRI The bone bruise in the humerus appeared as hypo-
intense in the T1-weighted and hyperintense in the T2fs
sequences (Fig. 3).
Case 3
A 74-year-old woman was hit by a reversing car. Death
occurred at the accident site due to fat embolism and loss of
blood. The impact injuries were located on the right side of
the body.
On the exterior right hip and knee joint, there was a
contusion of the subcutaneous fat tissue and musculature.
Another subcutaneous haematoma was present in the region
of the right elbow, and there was a deep abrasion on the left
knee.
External injuries Subcutaneous haematoma on the area of
the right elbow and deep abrasions on the left knee, medial
(Fig. 4a).
Fig. 5 Considering all injuries
and traces on the bicycle and
car, the impact position was
virtually reconstructed (case 4).
The accident victim was riding
the bicycle when he was struck
by the car
a) b)
Fig. 6 T2-weighted fat satura-
tion sequence coronal MR
images of both thighs of the
cyclist (case 4). a The MR
image displaying a bone bruise
in the right femur appeared as
hyperintense signal alterations
(red arrow). b In the left femur,
a bone bruise was also detected
(red arrow)
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MRI Hyperintense signal alteration in the T2fs sequence
indicating bone bruise in humerus and patella (Fig. 4b, c).
Case 4
A 7-year-old boy collided with a car whilst riding his
bicycle (Fig. 5). He died several hours after the accident
due to severe head trauma. Apart from cranial injuries, he
also suffered several haematomas, bruises and a fracture of
the left tibia and fibula.
External injuries Punctual haemorrhaging within the skin
and a subjacent subcutaneous haematoma in the middle of
both right and left thighs, frontal.
MRI The bone bruise in the subcortical bone marrow of the
left and right femur appeared as hyperintense signal
alterations in the T2fs sequence (Fig. 6).
Case 5
An 84-year-old male was hit by a car while crossing a road
behind a bus. Death occurred at the accident site due to fat
embolism in combination with bleeding into the brainstem.
In addition to a fatal head and thorax trauma, the victim
displayed impact injuries on the right side of the body.
External injuries Many blue-red suffusions with bruises on
the right leg around the patella on the right side of the knee
joint (Fig. 7a).
MRI The bone bruise in the tibia appeared as hyperintense
in the T2fs sequence (Fig. 7b, c).
Discussion
The study shows that the noninvasive radiological imaging
methods are suitable for the detection of bone bruises in the
subcortical bone marrow of the deceased. The bone bruises
are visualised in the T1-weighted and T2-weigthed fat
saturation sequences as abnormally low (T1) and abnor-
mally high (T2 fat sat) signal intensities in the MR images.
In all cases of studying different bones, bone bruises were
detected in the location of the impact injuries.
In accidents with pedestrians, cyclists or motorcy-
clists, the correlation of the impact injury with the
a) b)
c)
Fig. 7 Injuries of the right knee
of a pedestrian who was hit by a
car (case 5). a Suffusions with
bruises over and under the
patella of the right knee joint.
b, c The T2-weighted fat
saturation sequences axial MR
images displaying a bone bruise
in the tibia appeared as hyper-
intense signal alterations (red
ellipse). Note the subcutaneous
contusion adjacent to the bone
bruise (blue arrows)
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injury-causing vehicle parts is important in reconstruct-
ing the collision positions. Patterned impact injuries as
well as marks on clothes can be matched to the injury-
causing vehicle structure in order to reconstruct the
accident and identify the vehicle. For this reconstruction
purpose, it is necessary to differentiate the primary
impact injuries from the other injuries of the deceased,
which occurred for example by falling onto the road.
The impact injuries can be identified on the external
injury of the skin, the injured subcutaneous and fat
tissue as well as in the fractured bones. The bone bruise
is another important sign of an impact.
In contrast to the classical method of detecting bone
bruising, with the maceration of the bones and the
observation in the transmitted light to detect brownish
discoloration in the bone or in the cut slices of the bone, the
MRI method described is quicker, more practicable and is
noninvasive.
All bones can be examined in the MR images in a short
time in order to find bone bruises as a sign of impact for
traffic accident reconstructions or for the investigation of
unclear cases. In these unclear cases, the bone bruise is an
important sign of force to the body. Bone bruises can also
be detected in the bones of decomposed bodies.
In addition to the forensic medical examinations,
postmortem imaging provides a noninvasive method of
examining a body and supplying additional information for
traffic accident analysis.
The advantages of a noninvasive, fast and observer
independent postmortem documentation can be used for
instance for purposes of forensic identification [15, 16] as
well as for detection of bone bruises.
Furthermore, by knowing these postmortem findings, it
is even possible to use whole-body MRI in clinical forensic
medicine where noninvasive and non-radiation examination
of a living accident victim and other living persons [17] is
highly beneficial and especially when reconstructive ques-
tions are open.
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